Introduction
Glutathione reductase (GR; EC 1.6.4.2) is a member of the flavoprotein oxidoreductase family. Using NAD(P)H as an electron donor, GR catalyzes the conversion of oxidized glutathione (GSSG) to its reduced form (GSH), and thus plays a pivotal role in scavenging active oxygen species (AOS) (Meister and Anderson 1983) . In higher plants, three types of GR occur in the cytosol, chloroplast and mitochondria, respectively (Creissen et al. 1992 , Kubo et al. 1993 , Tang and Webb 1994 , Mullineaux et al. 1996 , Kaminaka et al. 1998 . Cytosolic isoforms of GRs from rice (RGRC2; Kaminaka et al. 1998) and pea (GOR2; Stevens et al. 2000) have been identified through subcellular fractionation; in addition, chloroplastic GRs have been identified from Arabidopsis (AT-2; Kubo et al. 1993 ) and pea (GOR1; Creissen et al. 1992 .
Changes in the GR isoform population between and within subcellular compartments in response to stress were observed in pea (Edwards et al. 1994 ) and maize (Anderson et al. 1995) . Different GR isoforms can be stimulated by different environmental signals and have different roles in the response of plant to stress (Stevens et al. 1997) . About 80% of GR activities in leaf tissues are accounted for by chloroplastic isoforms (Edwards et al. 1990 ). Scavenging of AOS and maintaining a high ratio of reduced to oxidized glutathione by chloroplastic GR are necessary in oxygenic photosynthesis (Elstner 1982; Foyer et al. 1995; Kornyeyev et al. 2003) .
Despite the critical role GRs play in scavenging AOS (Broadbent et al. 1995) , little has been discovered about their function in plant disease resistance. Given that one of the very early response events in most plant-pathogen interactions is the rapid generation of AOS, it was suggested that GR enzymes might mediate signal perception or early events of signal transduction upon pathogen attack (Vanacker et al. 2000) . We were therefore interested in determining whether GR mediates the response of wheat to powdery mildew pathogen.
Powdery mildew caused by Blumeria graminis DC.f.sp. tritici (Bgt) is one of the most serious diseases of common wheat in China and many other countries. We previously developed the Triticum aestivum cv. Yangmai 5-Haynaldia villosa 6VS/6AL translocation line that carries the powdery mildew resistance gene Pm21 and confers effective resistance to all current powdery mildew races (Chen et al. 1995) . To investigate the underlying mechanism of the resistance of the 6VS/6AL translocation line to powdery mildew, suppression subtractive hybridization (SSH) was performed between the translocation line carrying Pm21 and its recurrent parent Yangmai 5 to isolate disease response genes (Chen et al. 2006a) . Herein, we report on the cloning of a chloroplastic GR gene (Hv-GR) by SSH and cDNA library screening, and investigate its expression pattern. When expressed in a yeast GR-deficient mutant, Hv-GR could increase tolerance to oxidative stress and, when expressed in a susceptible wheat variety, it could enhance resistance to the powdery mildew pathogen Bgt. Furthermore, the possible roles of Hv-GR in the disease resistance pathway are discussed.
Results

Isolation of a gene encoding a glutathione reductase (GR) from H. villosa
The SSH library revealed about 500 expressed sequence tags (ESTs) which were differentially expressed between the resistant isogenic line and the susceptible wheat variety Yangmai 5. Subsequent dot hybridization and Northern analysis identified 12 ESTs which showed specific or higher expression in the resistant line than in the susceptible line (Chen et al. 2006a,b) . One of the ESTs (EST371, 600 bp in length) was highly homologous to several known GR genes of other plant species. As the resistant isogenic line contained the T. aestivum-H. villosa 6VS/6AL translocation chromosome, highly or specifically expressed ESTs were likely to be derived from the 6VS. Thus, EST371 was used as a probe to screen a H. villosa leaf cDNA library. A fulllength cDNA clone of 1,344 bp, designated Hv-GR, was identified, which contained an open reading frame (ORF) predicted to encode a peptide (48 kDa) of 448 amino acids. Comparison with previously published GR sequences from other plant species showed that the deduced amino acid sequence of Hv-GR contains highly conserved glutathioneand NADPH-binding sites and the redox-active disulfide bridge domain ( Fig. 1) (Krauth-Siegel et al. 1982) . In addition, Hv-GR shares 89 and 79% homology with chloroplastic GRs from rice and Arabidopsis, respectively (Kubo et al. 1993 , Stevens et al. 1997 ), but less similarity to known cytosolic GR isoforms from other species based on phylogenetic analysis (Fig. 2) . This evidence indicated that Hv-GR from H. villosa encodes a chloroplastic isoform.
Expression of the Hv-GR gene in response to powdery mildew pathogen
Transcript accumulation of Hv-GR and the glutathione redox state content in leaves of the resistant line and Yangmai 5 (the susceptible line) were determined. In Yangmai 5, there were no significant changes either in transcript accumulation or in the GSH/GSSG ratio between 0 and 24 h after inoculation (Fig. 3A, B) . In the resistant line, however, large inoculation-dependent changes in transcription and the GSH/GSSG ratio were observed. Both transcript accumulation (Fig. 3A) and the GSH/ GSSG ratio (Fig. 3B) increased between 6 and 12 h after inoculation and were followed by a decrease between 12 and 24 h after inoculation. Also, in leaves that had not been inoculated, the transcript level of Hv-GR and the GSH/ GSSG ratio were significantly higher in the resistant line than in Yangmai 5 (Fig. 3A, B) . Therefore, the high constitutive levels of Hv-GR transcript accumulation and the GSH/GSSG ratio were correlated with resistance to the wheat powdery mildew pathogen.
Copy number of Hv-GR in H. villosa
To determine the copy number of the Hv-GR gene in the H. villosa genome, Southern analysis was conducted under stringent hybridization conditions using the fulllength cDNA as a probe. As shown in Fig. 4 , only one band was detected in genomic DNA digested with three different restriction enzymes, EcoRI, EcoRI and HindIII, strongly suggesting that only one copy of the Hv-GR gene is present.
Subcellular location of Hv-GR protein
The previous sequence comparison revealed high similarity between Hv-GR and putative chloroplastic GRs from Arabidopsis and rice. To determine experimentally if Hv-GR is a chloroplastic isoform, a fusion construct pCaMV35S::Hv-GR-GFP or a control construct pCaMV35S::GFP without Hv-GR was transferred to the lower (dorsal) epidermal cell layers of spiderwort leaves by particle bombardment. Transiently expressed green fluorescent protein (GFP) was found to be distributed throughout the guard cells and in the subsidiary cell (Fig. 5B) . In contrast, expression of the Hv-GR-GFP fusion protein was observed only in epidermal guard cell chloroplasts (Fig. 5D, E) . The results confirmed that the Hv-GR protein is a chloroplastic GR.
Heterologous expression of Hv-GR in a yeast GR-deficient mutant
To test if Hv-GR can effectively convert GSSG to GSH, the Hv-GR gene was integrated into the genome of a yeast GR-deficient mutant (EMY100-5A). In the EMY 100-5A strain, no GR activity could be detected. However, heterologous expression of Hv-GR in this mutant resulted in a wild-type level of GR activity (17 nmol min À1 mg
À1
compared with 15 nmol min À1 mg À1 in the wild-type yeast strain EMY60; Table 1 ). In addition, the glutathione redox state was also different among these three strains. Consistent with GR activity, the GSH/GSSG ratio in EMY100-5A (0.6) was 20 times lower than that in EMY60 (16.0) and the transformed strain (20.7) ( Table 1) . Glutathione existed mainly in its oxidized form in EMY100-5A, wheaeas it was mainly in its reduced form when Hv-GR was expressed in this strain. These results indicated that Hv-GR could functionally complement the yeast GR gene to reduce GSSG to GSH.
Sensitivity to AOS of different strains was also tested by plating yeast cells onto YPD plates containing H 2 O 2 . All the three strains grew well when H 2 O 2 was absent. When H 2 O 2 (6 mM) was present, the wild-type strain EMY60 and the transformed strain still grew well, whereas the growth of EMY100-5A was inhibited (Fig. 6 ). The results indicated that expression of Hv-GR in the H 2 O 2 -susceptible EMY 100-5A strain could restore the H 2 O 2 resistance phenotype. Fig. 1 Comparison of the deduced amino acid sequences of GR from H. villosa, Oryza sativa (ABF94128), Arabidopsis thaliana (AAK96868), Pisum sativum (P27456) and soybean (Glycine max) (P48640). The arrow indicates the N-terminal amino acid residue of the mature enzyme of chloroplastic GR. Identical residues are indicated by an asterisk ( Ã ). Glutathione-binding residues are marked with a dot and the redox-active disulfide bridge domain is boxed. The conserved arginine residues required for NADP binding are indicated by #; and the C-terminal end is shaded in gray.
Taken together, the evidence shows that Hv-GR is a functional GR and may play a key role in scavenging AOS such as H 2 O 2 .
Overexpression of Hv-GR in a wheat line susceptible to powdery mildew pathogen After transformation by particle bombardment, wheat calli were propagated on selective medium and regenerative plants were obtained. Self-pollinated T 0 plants were used to produce several T 1 plants per line. Among 10 initially selected transgenic lines, five (G2-G6) showed high constitutive expression of Hv-GR in both T 0 and T 1 
GSH/GSSG
Isogenic line Yangmai 5 Fig. 3 The effect of powdery mildew attack on transcript accumulation of the Hv-GR homologs and the GSH/GSSG ratio in wheat leaves. (A) RNA blot analysis of pathogen-induced Hv-GR expression. Total RNA from leaves of Yangmai 5 (susceptible line) and the isogenic line (resistant line) were isolated at the indicated times after inoculation with mixed races of Bgt and probed with a 32 P-labeled Hv-GR full-length cDNA. Equal loading of sample RNA was confirmed with a 28S rRNA probe (28S). (B) Leaves from Yangmai 5 and the resistant line were collected at the indicated time points after inoculation. Total glutathione was measured and the GSH/GSSG ratio was calculated. The error bars represent the standard deviation of three samples.
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Fig. 4 Genomic Southern analysis using the Hv-GR cDNA as a probe. Haynaldia villosa genomic DNA was digested with EcoRI, EcoRV and HindIII, and probed with a 32 P-labeled full-length cDNA (Hv-GR). 1, EcoRV; 2, EcoRI; 3, HindIII.
H. villosa plastidal GR enhances powdery mildew resistance in T. aestivumgenerations (Fig. 7) . A survey of resistance to natural infection in the field showed that adult transgenic plants (G2-G6) had reduced symptoms of powdery mildew (Fig. 8A) and expressed a higher level of resistance than the wild type (Fig. 8B) , indicating a significantly increased resistance of transgenic plants to Bgt.
Regulation of leaf glutathione redox state by overexpression of the Hv-GR gene and its possible relationship to Bgt resistance
The GSH/GSSG ratio was measured in uninoculated and inoculated leaves of the wild type and indicated transgenic lines (Fig. 9) . Without pathogen infection, the glutathione redox state in leaves was different between wildtype and T 1 transgenic plants. Compared with the wild type, significant increases in GSH concentration (P50.01) and in the GSH/GSSG ratio (P50.01) were observed in leaves of all T 1 plants. The GSSG concentration in leaves of transgenic plants, however, was not significantly different from that in the wild type (P40.05) (Fig. 9A) .
In inoculated plants, wild-type leaves had no significant changes in the GSH/GSSG ratio between 0 and 24 h after inoculation. In leaves of transgenic lines G2 and G6, however, obvious inoculation-dependent changes in the Total GSH and GSSG are given as micromoles per 10 8 viable cells for wild-type strains (EMY60), GR deletion mutant strains (EMY100-5A) and for transgenic strains (EMY100-5A carrying Hv-GR). Data are the means of duplicates from a representative experiment. GSH/GSSG ratio were observed (G2, P ¼ 0.035; G6, P ¼ 0.002) (Fig. 9B) . Additionally, the GSH/GSSG ratio in G2 and G6 leaves accumulated to a higher level after inoculation compared with the wild type. These results suggested that overexpression of Hv-GR in susceptible wheat could change its redox state to enhance powdery mildew resistance.
Accumulation of PR transcripts in transgenic wheat during powdery mildew fungus attack
The high GSH/GSSG ratio in the transgenic lines suggested an altered redox state in cytoplasm which might affect the activity of NPR1 (non-expressor of pathogenesisrelated genes 1). In order to assess this possibility, transcript accumulation of defense-related genes was initially examined by reverse transcription-PCR (RT-PCR). As representative genes, PR-1a and PR-5 were selected, and their transcripts were found to accumulate to constitutively high steady-state levels, with or without pathogen infection, in lines G2 and G6 (Fig. 10) . This was markedly different from the wild type, in which transcript levels of both PR-1a and PR-5 were indetectable without inoculation, and after infection temporarily accumulated to a lower level than in the transgenic lines (Fig. 10) . These results suggested that the defense-related signaling pathway was constitutively activated in transgenic plants.
Discussion
GR plays a key role in the response to oxidative stress by maintaining the intracellular glutathione pool mainly in the reduced state (Greer and Perham 1986) , and especially functions as an antioxidant that scavenges AOS such as hydrogen peroxide and superoxide (Salin 1988 , Bhattacharjee 2005 . If not reduced, AOS cause damage to cellular components such as enzymes, DNA and membranes, directly or indirectly via the products of lipid peroxidation (Bhattacharjee 2005) . Oxidative stress ensues when the production of AOS exceeds the capacity of the antioxidative system to remove them. Therefore, higher constitutive levels of antioxidative enzymes in resistant varieties are sufficient to resist the stress than affects the susceptible varieties (Vanacker et al. 2000) . This is in agreement with the findings in the present study that the Hv-GR transcript level and GSH/GSSG ratio were significantly higher in resistant lines of wheat than in a susceptible line (Fig. 3) . Furthermore, the GSH/GSSG ratio and transcript accumulation of Hv-GR increased in leaves of resistant lines but not in the susceptible varieties after inoculation, indicating a positive correlation between glutathione state and pathogen resistance. Similarly, glutathione related to pathogen resistance accumulated in resistant barley but not in susceptible varieties (Wingate et al. 1988 , Vanacker et al. 2000 . Fig. 6 Overexpression of Hv-GR in the GR deletion mutant yeast strain EMY100-5A could increase its resistance to H 2 O 2 . The complete tetrads from wild-type yeast (EMY60), the GR deletion mutant strain (EMY100-5A) and the transgenic strain (EMY100-5A transformed with the Hv-GR gene) were plated at 10 0 , 10 À1 , 10 À2 and 10 À3 dilutions on YPD medium (control) and YPD containing 6 mM H 2 O 2 . GR deletion mutant strain EMY100-5A was transformed with the Hv-GR gene and tested for growth on YPD containing 6 mM H 2 O 2 to confirm that the H 2 O 2 -sensitive phenotype of EMY100-5A can be restored by expression of Hv-GR. In the present study, overexpression of the Hv-GR gene in powdery mildew-susceptible wheat enhanced host resistance to Bgt and changed the foliar redox state (Figs. 8, 9 ). Overexpression of Hv-GR might catalyze conversion of GSSG to GSH in leaves, thus increasing the concentration of GSH (Fig. 9) . Increased GSH concentration in transgenic plants might act as a reducing agent to scavenge directly AOS produced in the processes of photosynthesis and respiration, and to strengthen protection from excessive damage caused by the accumulation of AOS during pathogen attack. In addition, cellular GSH can catalyze the reduction of hydrogen peroxide; given that hydrogen peroxide might act as a secondary messenger playing an important role in defense cascades, the Hv-GR-mediated change in the redox state and the concentration of glutathione might have a profound effect on hydrogen peroxide-mediated signaling pathways (May et al. 1998) .
The GSH level and accumulation of transcripts of PR genes increased in susceptible wheat overexpressing Hv-GR (Fig. 10) , which could help us to understand the underlying mechanism governing the role of Hv-GR in wheat resistance to powdery mildew. It has been shown that plants can operate elaborate mechanisms to maintain glutathione homeostasis by the exchange of GSH and GSSG between plastidic and extraplastidic compartments (Foyer et al. 2001 , Noctor et al. 2002 . In the present study, overexpression of Hv-GR in wheat increased the GSH/GSSG ratio in leaves during pathogen attack and therefore increased the GSH/GSSG ratio in both chloroplast and cytosol. In the cytosol, NPR1 exists as an oligomer which is reduced into a monomer and imported into the nucleus when the cytosolic redox state is changed. Nuclear-localized NPR1 can activate the expression of salicylic acid (SA)-mediated PR genes such as PR-1a and PR-5, and regulate plant systemic acquired resistance (SAR) (Mou et al. 2003) . Therefore, an increased GSH/GSSG ratio in the cytosol of the transgenic plants studied here could result in NPR1 monomerization and nuclear localization, which in turn could activate expression of PR genes (Mou et al. 2003 , Pieterse and Loon 2004 , Fobert and Despre´s 2005 . Our results suggest that constitutive production of GSH induced by overexpression of Hv-GR might trigger monomerization of NPR1, thereby leading to constitutive expression of PR-1a and PR-5.
Materials and Methods
Plant materials and strains
The isogenic line (92R137/Yangmai 5 7 ) resistant to powdery mildew developed by backcrossing the 6VS/6AL translocation line '92R137'carrying Pm21 with Yangmai 5 and its recurrent susceptible parent T. aestivum cv. Yangmai 5 (Yangmai 5) (Qi et al. 1993) . Triticum aestivum cv. Sumai 3 (Sumai 3), T. aestivum cv. Yangmai 158 (Yangmai 158) and H. villosa were developed by or preserved in the Cytogenetics Institute, Nanjing Agricultural University.
A GR null mutant of Saccharomyces cerevisiae (EMY100-5A) showing increased sensitivity to oxidants was isolated by Professor Eric Muller (Department of Biochemistry, University of Washington). The yeast wild strain EMY60 (GR þ ) and GR null mutant strain EMY100-5A (GR À ) in this study were both derived from W303 (Muller 1996) .
Pathogen treatments
Seedlings of the isogenic line and its recurrent susceptible parent Yangmai 5 were grown at 208C under a 14 h/10 h light/dark cycle in an isolated environment for 7d and subsequently inoculated with Bgt for SSH and Northern blot, respectively. Haynaldia villosa was grown for 7 d under the same conditions in an isolated environment and subsequently inoculated by Bgt for library construction. Mixed races of Bgt were maintained on susceptible variety Sumai 3 seedlings in a spore-proof greenhouse. Inoculation was accomplished by gently shaking plants (highly susceptible variety Sumai 3) previously infected with Bgt mixed races over the test plants.
Suppression subtractive hybridization (SSH)
Total RNA was extracted by Trizol (Invitrogen, Carlsbad, CA, USA) and SSH was performed according to Diachenko et al. (1996) . Differentially expressed fragments were cloned into the pGEM-T Easy Vector (Promega, Madison, WI, USA). The firststrand cDNAs from tester and driver, respectively, were labeled by WT  G6  G2   0h  6h  12h  24h  0h  6h  12h  24h  0h  6h  12h  24h Tubulin PR-5 PR-1a Fig. 10 Overexpression of Hv-GR changes the expression of PR genes. Leaves from the WT or the indicated transgenic lines (G2 and G6) were harvested before inoculation (0 h) and after inoculation with Bgt for the indicated time periods. RT-PCR was performed with specific primers for PR-1a, PR-5 and a tubulin control.
[a- P-labeled full-length cDNA (Hv-GR) and washed in 1 Â SSC, 0.1% SDS at 688C. Southern blot analysis and hybridization for screening of the cDNA library was performed according to Sambrook et al. (1989) .
RNA analysis
Seven-day-old seedlings of Yangmai 5, Yangmai 158, the indicated transgenic plants and isogenic resistant line seedlings were inoculated with Bgt for the indicated time for RNA extraction. A Northern blot was carried out as previously described (Chen et al. 2006a ). RT-PCR was performed using SuperScript II with 5 mg of total RNA from each sample, and oligo(dT) 18 primers under the conditions described by the manufacturer (Invitrogen). The first-strand cDNA synthesized was then amplified with different sets of specific primers to estimate the transcript levels of Hv-GR, PR-1a, PR-5 and the control tubulin genes. Four pair of primers (Hv-GR, PR-1a, PR-5 and b-tubulin) were used. The Hv-GR primers were (forward) 5 0 -CGAAACCTGACTGGAAATAC-3 0 and (reverse) 5 0 -TCTGC GGGTAGTTAAACTCT-3 0 ; PR-1a primers (forward) 5 0 -CTTA GCTTCGTAAGGCTTGA-3 0 and (reverse) 5 0 -ATGCACGCAT AGCCTAGTAT-3 0 ; PR-5 primers (forward) 5 0 -GACACAGAA GCAAAGCAACT-3 0 and (reverse) 5 0 -TCGATGACAGAGATG TCGTA-3 0 ; and b-tubulin primers (forward) 5 00 -CTCATCACAGG CAAGGAAGAT-3 0 and (reverse) 5 0 -TTAAGGTAAGTGTAG GTTGGG-3 0 .
Analysis of chloroplast targeting
BamHI and KpnI sites were introduced into the Hv-GR fulllength ORF (with the stop codon deleted) at the 5 0 and 3 0 ends by PCR. KpnIand SacI sites were introduced into the GFPs65t fulllength ORF (with the start codon deleted) at the 5 0 and 3 0 ends by PCR. These two fragments were restricted with BamHI/KpnI for the Hv-GR fragment and KpnI/SacI for the GFPs65t fragment, and simultaneously ligated into BamHI/SacI-digested plasmid vector pBI220.6 (Jefferson et al. 1987) in order to produce the fusion gene expression vector p35S::Hv-GR-GFP::Nos3. After structural confirmation of the construct, the fusion gene was introduced into the dorsal side of epidermal cell layers peeled off from excised spiderwort (Tradescantia reflexa) leaves by particle bombardment according to Takumi et al. (2003) . The subcellular localization of the Hv-GR-GFP fusion protein was observed on a Leica confocal microscope fitted with a 63 Â 1.4-numerical aperture plan apochromat objective and a 25 nm krypton-argon ion laser. Excitation was set at 488 nm, and GFP fluorescence was measured as emission at 522 nm; chlorophyll autofluoresence was measured as emission at 645 nm.
Yeast transformation and assay of sensitivity to H 2 O 2 stress
The yeast expression vector pGAD424-Hv-GR was constructed by insertion of a full-length Hv-GR ORF between the EcoRI and BamHI sites of pGAD424 (Clontech) through routine restriction and ligation methods. pGAD424-Hv-GR was transformed into the GR deletion mutant strain EMY100-5A by the lithium acetate method (Gietz et al. 1995) . Each transformant was checked by Southern blot analysis to ensure the correct integration (not shown).
Plate tests for sensitivity to oxidants were performed by spotting yeast cultures onto YPD plates containing different concentrations of H 2 O 2 (0 and 6 mM) (Grant et al. 1996) . Cells were grown to stationary phase (OD 600 ¼ 4) in liquid YPD, and 5 ml aliquots of 10 0 , 10
À1
, 10 À2 and 10 À3 dilutions spotted onto appropriate plates. Sensitivity was determined by colony size after 2-4 d growth.
Wheat transformation and growth conditions
The expression vector pAHC-Hv-GR was constructed by replacing the GUS gene in the plant expression vector pAHC25 (Christensen and Quail 1996) with a full-length cDNA of Hv-GR through routine restriction and ligation methods, placing the Hv-GR gene under the control of the ubiqutin promoter and followed by the NOS terminator sequence with the bar gene as a selectable marker. Putative transgenic wheat plants (Yangmai 158) were produced by particle bombardment of calli cultured from immature embryos and subsequently selected by treatment with the herbicide bialaphos in callus maintenance, differentiation and regeneration medium as described (Wang et al. 2007 ). Fully developed plants were transferred into small pots in the greenhouse [20-258C, 16 h/8 h (day/night) photoperiod].
Resistance tests and statistical analysis
Transgenic T 1 plants were planted in the field with 20 T 1 seeds derived from each T 0 accession planted in a row. Strips of plants of the susceptible cultivar Suimai 3 surrounded every fifth row. For the estimation of T 1 adult plant resistance under natural infection with the native population (Sumai 3) of the pathogen, infection was assessed on the upper two leaves as a visually estimated percentage of leaves covered with mildew. If the leaves became senescent, the previous score for that leaf was used in calculating the cumulative mildew cover for the upper two leaves. Disease severity was expressed as a disease index (DI) on a 0-9 scale (Yu et al. 2001 , Jakobson et al. 2006 . The plants were scored twice, first at the ear emergence stage (DI 1) and then 10 d later (DI 2) at the milky ripe stage. Wild-type lines (Yangmai 158) were included as controls in all experiments.
ANOVA (analysis of variance) was performed to determine the significance of differences between the transgenic plants and wild type.
Glutathione measurement
GR activity and glutathione measurement in yeast strains were carried out according to Casalone et al. (1988) .
Plant leaf tissue (0.05 g) was homogenized in 0.5 ml of 2% metaphosphoric acid containing 2 mM EDTA and centrifuged at 48C for 10 min at 14,000 Â g. The supernatant was used for glutathione measurement (Rao et al. 1997) .
